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Consummatory Behavior in RaL° Maintained AuPeriodicallyl

Robert C. Bolles
Holliins College

Abstiract

96 rats were maintained and tested on irregular feeding
or drinking schedules so that food and water consump-
tion could be assessed as a function of the time of day
of testing, hours deprivatlon, and deprivation experience,
without the usual experimental confounding among these

variables.

In the first experiment hungry and thirsty

animals were tested in their homecages. Drinking was

found to increase with deprivation time at least up to
42 hrs., whereas eating changed very little between 7

and 42 hrs. deprivaticn.
hungry animals,

maximum intake at 24 hrs. to 32 hrs.
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In ihe second experiment
tested in a bar press situation, showed
deprivation.

2

(THRU)

{ GES)

Q’ ,, B33
ABA CR OR TMX OR AD NUMBER,

FACILITY FORM 602

"~ (CODE)

{CATEGORY)




Conéummatory Behavior in Rats Maintained A-Periodically,

Robert C. Bolles
Hollins College
Although an animal's consumption of food ¢ water is

often accepted as a direct measure of its hunger or thirst
motivation, it is more constructive to think of amount con-
sumed as a response measure which depends in part upon the
animal's motivation, but also in part upon the strength of
the consummatory habit in the test situation. The strength
of the eating and drinking habits presumably depend upon
1) the animal's experience in the test gituation, i.e.,
the number of "trials" it has had there, and 2) general-~
ization decrements arising from the dissimlilarity of
stimuli present in the test situation from those present
in the situation where and when the animal ordinarily eats
or drinks.

Although all of these effects have been studied,
demonstrations of any one effect - deprivation time, test
experience, time of day of testing -~ are generally con-
founded by other concomitant effects. For example, some
investigators (Bare, 1959; Bousfield & Elliott, 1934;
Kessen, Kimble & Hillman, 1960; Lawrence & Mason, 1955a;
Mandler, 1957) have studied the effect of different hours
of food or water deprivation with tests coming at differ-
ent times of day. In these cases it is not possible to
know what part of the results can be attributed to varia-
tion in deprivation and what part to the temporal condi-
tions of the tests. In some cases (Lawrence & Mason,
Kessen et al.) attempts have been made to separate these
factors, and the results do show that there 1s a marked in-
crease in intake when the time of testing fell at an ac-
customed consummatory hour. Hence, it is suggested that
Stimuli arising from the time of day may play an important
part in the determination of consummatory behavior. But
the relative size of the effect is not certain.

Others (Horenstein, 1951; Miller, 19y56; Stellar &
Hill, 1952) have studlied the effect of food or water depri-
vation time with the tests always run at the same time of
day, but in these cases the deprivation effect may be con-
founded with the animal's experience in the new eating or
drinking situation. Finally, there have been studies
{Ghent, 1951, 19Y57; Lawrence & Mason, 1955b) of the acqui-
gition of eating and drinking behavior in a novel test
situation, but once again the magnitude of the effect is
uncertain because of the fact that there may have been
cumulative deprivation effects which were confounded with
experience in the test situation.

Experiment 1

The present ilnvestigation was designed to minimize
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the usual confounding of these variables. This was done by
malntaining and testing Ss on an a-periodic schedule so as
to break up existing temporally conditioned consummatory
hablts and to prevent the formation of new cnes. In the
first experiment Ss were tested in the most familiar of
situations, viz., theilr own homecages, where their con-
summatory habits are already presumably of maximum strength.

Method

Subjects.~--Ninety-six naive Sprague-Dawley male rats,
approximately 75 days old, were used.

Apparatus.--All testing was done in the homecage where
S was individually housed. The cages (Wahmann LC-T5A)
were changed by replacing the front wall by 1/4 in. Plexi-
glas, drilled to hold a water bottle by its drinking tube.
The main lights were kept on a natural 6:00 to 6:00 light-
dark cycle. During the dark part of the cycle illumina-
tion was provided by a pair of 25-w. red light bulbs.
Temperature was kept between 70° and 767 F.

Procedure.=--Each S was tested under 12 consecutive
deprivation intervals of 7, 14, 21, 28, 35, and 42 hrs.,
presented twice each in a randomized order. Twenty-four
such randomized orders were used and Ss were randomly assign-
ed to subgroups of 4 for each order. Because deprivatlion
times were all multiples of 7 hrs., the times of testing
for each animal were evenly scattered around the clock,
and successlve tests never came 24 hrs. apart. Thus E
generally had some testing to do every 7 hrs. for 12 days,
but each test sesslon might involve onliy 4 or 8 Ss. The
experiment was run in 4 replications with 24 Ss In each,
the first and third with hunger conditions and the second
and fourth with thirst conditions. For the eating tests,
S's cage was pulled out about 1 in. and 2 or 3 pleces of
Wayne Lab Blox, more than S ever ate, were dropped 1into
one corner of the cage. S was allowed 1 hr. to eat. Water
was always avallable. PFor the drinking test, a drinking
tube was presented through the hole in the front of the
cage, and S was allowed 30 min. to drink. Food was always
avallable. In the third and fourth replications latencies
were measured, by stop watch, from the dropping of the food
or the presenting of the drinking tube to the beginning of
consummatory behavior. Quantities of food and water were
welghed to .5 gm. before and after each test period; spill-
age was colliected and welghed also. Ss were weighed before
the first, after the sixth, and again after the twelfth
test period. All intake measurements were converted to
percentages of S's body weight as measured after the sixth
test, i.e., halfway through the seduence.
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Results

After 6 deprivations and tests the hungry Ss had lost
a median of 16% and the thirsty Ss 4% relative To their
initial ad 1lib. body weights. After the last test the
hungry Ss were down to 21% loss and the thirsty Ss had
come up to 1% gain. The upper three graphs in Fig. 1. in=-
dicate the mean amount consumed, =Xpressed as a percentage
of body weight, for hungry and thirsty Ss as a function of
time of day, deprivation time, and ftest experience.

Fig. 1 about here

The standard errors of the mean for these data points
are generally about .20 percentage points. Thus, several
of the effects indicated in Fig. 1 are statistically sig-
nificant, namely, the time of day effect on water intake,
the deprivation effect on both food and water intake,
and the learning effect on both food and water intake.
More specifically, both hungry and thirsty Ss consumed
significantly less at 7 hrs. deprivation than it each of
the other deprivation times. In the case of tlLirsty Ss,
intake at both 14 hrs. and 21 hrs. was significently Tess
than at all of the longer deprivation times.

The bottom part of Fig. 1 gives the latencie: to
eat or drink of those Ss for which latency was measured.
Note that latency scores are presented on a logari:hmic
scale; this transformation generally normalizes such
latency and makes the data variances homogeneous {Bolles,
1962). The latencies to eat were unmeasurably long be-
cause values over 120 sec. were designated 120 sec. Con-
sequently, medians are presented in Fig. 1. On the other
hend, the latency to drink scores were frequently un-
measurably short., All such short values were designated
1 sec. and the means of these slightly distorted dis-
tributions are indicated. Both eating and drinking
latencies show a systematic effect only 1n the case of
fhe experience variable; continued testing leads <o con-
tinued shortening of latencies.

Discussion
There is a striking difference between the amount of

food consumed by hungry Ss and the amount of water con-
sumed by thirsty Ss. Smaller intake of food cannot be cited
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as evidence against the importance of stomach distention

in food satiation, however, because, as Lepkovsky, Lyman,
Fleming, Nagumo, and Dimmick (1957) have shown, a volume

of dry food in the stomach is quickly matched by a like
volums of water which 1s either drunk or transported there
from some other sources of water in the body. Thus, the
food and water intake curves probably represent approximate-
ly equivalent amounts of bulk in the stomach.

Another surprising difference between eating and drink-
lrg is the difference 1in latencles; this difference 1s even
more pronounced than indicated in Fig. 1 because the upper
curve represents medians whereas the lower curve represents
neans. This difference, a factor in the order of 20, may
be partly a reflection of the fact that water is always pre-
sented in a fixed location whereas the animal has to find
food which has hbeen dropped somewhere on the floor. An-
other factor, however, is the fact that the hungry S
typlcally picks up the food and carries it around for sever-
al seconds, and may even go back to pick up a second or third
plece of food before beginning to eat, and all thls compet-
ing preparatory behavior adds to the latency score.

The most interesting difference between food and water
intake 1is their differential dependence upon deprivation time.
In the case of eating the function is gquite flat; for all de-~
privations of 14 hrs. or more there is little or no
systematic variation, as 1f the rat eats as much as it can
for all deprivations greater than a certain minimum. In
contrast with this pattern, water consumption in the thirsty
rat lncreases continuously with increased deprivation time,
although it 1s clear that in this case too the consumption
curve must drop sharply at some deprivation time shorter
than 7 hrs., and that relative to thls sharp change, the
part of the functlion which is shown here will be relative-
ly flat. The implication from this and from the pattern of
other results is that different satlation mechanisms are
involved in the termination of eating and drinking.

It should be kept in mind that the rat can repair the
size of water defilcit encountered under the present con=-
ditions rather completely even when water is avallable only
30 min., so that with successlve deprivations thirsty Ss do
not suffer an appreciable cumulative water deficit. On the
other hand, the continued drop in weight and the much great-
er absolute loss in weight of the hungry Ss indicate that
there are cumulative effects of the successive food depri-
vations. As a consequence, part of the learning to eat
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effect shown in Fig. 1l should probably be attributed to

a gain in motivation, even though there was no systematic
increase in hours deprivation (cf. Eisman, 1956). By the
same token, the flatness of the curve for eating as a
function of deprivation may reflect the fact that under a
given deprivation condition S bases its food consumption
not so much on the immediately precedlng deprivation, the
test deprivation, as on the much larger overall deficit in
body weight. What thils means, in effect, is that while
the present expzrimental procedure minimizes the confound-
ing ordinarily round between deprivation time and other
parameters affecting consummatory behavior, we have not
gailned much of functional significance because hours de-
privation is no# a particularly profitable variable to
isolate, at least not in comparison with the hungry
animal's weilghti loss.

Experiment 2

The purpose of the se:ond experiment was to investi-
gate similar relationships in a sornewhat different situa-
tion, one in which an instrumental response, bar pressing,
intervenes between the momentary mo:tivation conditions
and S's consummatory behavior.

Method

Subjects.-~-The Ss were 39 nalve male alblno rats,
ranging from 75 to 120 days old.

Apparatus.--Two 1ldentical Skinner boxes (Foringer
llOE»M% were used to run two &3 at a time. Each box was
equipped with a Foringer retractable bar that was controll-
ed automatically by a clock sc that it could be extended for
a consumption test, and then withdrawn. The Foringer bar
extends raplidly, making a good deal of noise, so that it
provides a good stimulus from whilch to measure the latency
of bar press response in each test. Responses during the
tests were recorded cumulatively. The lights in the boxes
together with those in the lab were run on a natural 6:00
-6:00 light-dark cycle througiout the experiment. The
windows of the Skinner box housings were left open so that
other activities in the lab would provide additional di=
urnal cues. Each bar pvress delivered a 45 mg. Noyes food
pellet, and water was nlways avallable. Checking the food
and water supplies anc general malintenance was done an ir-
regular number of hours after each S's last meal.
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Procedure.~-=The nalve S5 was deprived 48 hrs., put in
the box, and manually shaped up to press the bar for food.
S was allowed about 2 hrs. on the training session to eat
To satiation. S was then confined to the box for the dura-
tion of the experiment, and test sessions (bar presenta-
tions)introduced at time intervals that varied randomly
from 3 hrs. to 47 hrs. with a mean of 24 hrs. The random
schedule of test times was limited only by the restrict-
ions that no feeding session occur at a deprivation time
between 21 hrs. and 27 hrs. (excepted as noted below) and
that no deprivation times were permitced to fall within
5 hrs. of a previous deprivation time for a given animal.
Ss were given from 8 to 13 test sessions, with a median
of 11, the exact number being determined by the fact that
each §.was s8topped when its random schedule of tests had
yYielded approximately uniform distrlbutlions across times
of day and deprivation times.

The study was run in two replications. In the first
replication Ss were given 60 min. tests, and, as noted above,
care was taken not to include any deprlvatlon times ap-
proaching 24 hrs. After 21 Ss had been run under these
conditions and their data had been analyzed it became ap~
parent that information at 24 hrs. was needed and also that
60 min. tests might be too short to obtain satiation under
high deprivation. Consequently 18 more Ss were run in a
second replication with J0 min. test sessions and with a
24 hr. deprivation time condition. To minimize the possi-
bility of temporal conditioning of the eating habit to a
fixed time of testing, however, the 24 hr. test interval
was always introduced as the last test condition. Other
procedures were the same as before.

Results

The cumulative records of consummatory performance
were analyzed to determine the rate of eating, i.e., the
rate of bar pressing, during the first 10 min. of respond-
ing. This measure proved to be quite independent of all
the parameters controlling eating except deprivation time.
The initial rate of responding under 4 hrs. deprivation
was 3.2 sec. as against an overall mean rate of 5.2; this
difference was significant (£ = 2.46; df = 38; p < Ol)
But there were no other significant departures from the
mean rate of responding, nor was there any trend as a
function of deprivation time. The cumulative records were
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also analyzed to determine whether the amount of time
spent eating continuously before stopping for 1 min. or
more was related to any of the experimental variables; it
was not.

Fig. 2 about here

The top part of Fig. 2 gives the amount of food con-
sumed, as indicated by the number of bar presses, trans-
formed into percentages of S's initial body welght. It
is apparent from the flgure that neilther time of day nor
experience in the test situation has an appreciable ef-
fect on intake. There is a non-significant but suggestive
indicatlon that S eats more during the dark part of the
cycle than during the light part., But this effect 1s small
at best in the present situation. On the other hand, the
amount consumed does appear to be a more clear cut function
of deprivation time than was the case 1n Experiment 1. The
drop in intake with greater deprivation times is significant
(t = 2.22; df = 17; p < .05)}.

Latency scores for responding to the bar after it 1s
presented provide data on a response which is an addltional
step removed from the consummatory response, further remove-
ed than bar pressing itself. The acquisition of thls member
of the total consummatory chain is demonstrated by the
bottom part of Fig. 2. There were no apparent differences
in latency scores between replications, so the results for
all Ss have been pooled. Although there was quite rapid
learning of this member of the chain, comparable to that ob-
tained in the first experiment for the acquisition of the
consummatory habit itself, the apparent asymptote is a
relatively slow value of about 15 sec. Again, no signi-
ficant time of day effect was found. The latency of re-
sponding however was shown to be a function of the number
of hours deprivation. At 4 hrs. deprivation and at 28 hrs.
deprivation Ss responded significantly slower (2_< .05)
than on the average, and at 24 hrs. deprivation they re-
sponded significantly faster. Note that this fast latency,
and the greater intake, of 24 hr. deprived hungry Ss cannot
be attributed just to the fact that the 24 hr. test con-
dition was the last test given, because as the other part
of the figure shows, there was no appreciable learning
effect after the first 4 consummatory tests.
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Discussion

The replication with JO0 min. tests was run because
the flatness of the consumption vs. deprivation time
curve obtained with 60 min., tests suggested that S might
not be getting sufficient time to eat to satiatlion. This
possibility was then supported by the finding that under
high deprivation (greater than 24 hrs.} Ss ate about 15%
of their total meal between the 60th and 90th minutes,
whereas under low deprivation {.ess than 24 hrs.) the meal
was nearly always finished by 60 min. On the other hand,
the rate measures and the measures of the amount consumed
in 60 min. showed that under high deprivation Ss ate some-
what more slowly in the 90 min. tests than in the 60 min.
tests. Moreover, the overall medlan size was only 4%
larger wlth the longer test sessions. Hence the flatness
of the consumption curves cannot be reasonably attributed
to the test time limitation.

The recent results of Dufort & Wright {(1962) are
particularly interesting in this connection because their
Ss were tested jist once, at the same time of day, and
they were deprivationally naive at the time of testing.
Thus in Dufort and Wright's results there is relatively
1ittle confounding between the motivational effects of
deprilvation and the associative effects introduced by the
test conditlons. They found, as was found here, that
the amount eaten was maximal wlth deprivation times of
approximately 30 hrs.

The sharp rise in consumption between O and 4 hrs.
deprivation time has also been observed 1n consummatory
behavior (Horenstein, 1951) and in cther instrumental
situations (Saltzman & Koch, 1948; Horenstein, 1951;
Kimble, 1951). This discontinulty 1r the function sug-
gests that consummatory behavior is under the control
of two separate mechanisms. There is one, which per-
haps involves stomach distention, that determlnes whether
the animal will eat at all, and a second, involving weight
loss, which comes into play somewhere before 4 hrs. de-
privation, that determines how much food S will take to
reach satiation. It would appear that the rat is con-
stituted so that i1f it is willing to eat at all, it will
eat nearly a full-sized meal. This conclusion is support-
ed by the results of other studies using long test times
{Rousfield & Elliott, .y34; Lawrence & Mason, 1955a;
Dufort & Wright, 1962).
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Smith and Duffy (1957), and Smith, Pool and Wein=-
berg {1962), and others have demonstrated that the bulk
of the stomach contents, or the distention of the stomach,
is one factor controlling the amount of food a rat will
consume. Such an effect can undoubtedly account for S's
failure under relatively short deprivations (those less than
24 hrs.) to make its food intake proportional to its
caloric deficit, but some additional mechanism seems to
be necessary to account for the decline in consumption
with daprivations longer than 30 hrs.

One of the surprising features of the results in the
Skinner box situation is the failure of consumption to
increase with successivz meals (Figure 2). Such a find-
ing is in sharp contrast with the gradual acquisition of
eating obtained by Ghent (1951, 1957). The difference
may be due in part to the fact that, because of the 48 hr.
deprivation prior to training, the present Ss entered the
test situation with considerable weight loss (between 12
an¢ 15%), and not much more welght was lost during test-
inj;, whereas under the conditions Ghent used, her Ss un-
dcubtedly continued to lose weight throughout the course
o. testing. Another possible factor is that the consum-
ratory habit may recelve much more effective reinforce-
rent per meal in the Skinner box situation than it does
then food is presented in an open dish., Dividing the meal
.nto a large number of discrete 45 mg. pellets may pro-
7ide a large number of reinforcements for the eating habit
s0 that the consunmatory response had been brought essen-
tlally to full strength in the Skinner box situation dur-
ing the initial crainling session, l.e., prior to the be-
ginning of testing. If this 1is the case, then this pro-
cedure can tell us little about the acquisition of the
consummatory habit itself.

It may be noted that the pattern of latency of re-
sponding to the bar presentaticn as a function of hours
deprivation {Gig. 2, bottom) suggests that time of day
cues have much morz control over this instrumental
menber of the resronse chaln than they do over the con-
summatory response itself {(Experiment 1) It is as if
the animal becomes "vigilant" about 24 hrs. after the
~ast meal, but that vigilance fails as further time
elapses. The fa:t that such a 24 hr. effect could be
shown under a=periodic mailntenance conditlions implies
that some temporal conditioning of the reaponse can be
demonstrated after a single reinforcement (cf. Bolles &
de Lorge, 1y62).
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Food intake in the Sklnner box shows a more pro-
nounced dependence upon deprivation time than it does in
the homecage. Thls difference may be an artifact reflect=
ing differences in the size, composition or palatibility
of the foods, or it may indicate something about the dif-
ference between consummatory and instrumental behavior.
Perhaps the simplest explanation, however, is that more
weight was lost by Ss in the homecage experiment, and that
the differences 1in welght produced by the immediately pre-
ceding deprivation were of less relative importance than
Ss! continuing, and growing, overall welght loss.

In conclusion, deprivation time in hours since last
eating seems to reveal 1itfle about S'shunger motiva-
tion; it is only weakly related to the strength of in-
strumental behavior, and still less clearly demonstrat-
ed in the strength of consummatory behavior. At least,
this seems to be the case when S has an apprecialkle body
weight loss. Under these conditions body welght loss
i1tself is strongly implicated as the principal determinant
of S's hunger motivation.
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